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Demands of electricity by University Technology PETRONAS (UTP) for student 
and office usage are high. This demand supplied by UTP Gas District Cooling plant 
(GDC plant) which is located at UTP. UTP GDC plant has two gas turbines to produce 
electricity but unfortunately, the electricity is also used for the four electric chillers in 
the plant and for plant usage. To ensure good electricity distribution, proper scheduling 
is needed. This could be achieved by using scheduling model. In this study, scheduling 
model using linear programming is proposed. The proposed model is used to distribute 
the generated kWh of electricity from the two gas turbines to the four electric chillers, 
UTP and plant usage. Four scenarios are used for the study, namely: operations during 
peak hours on weekdays, operations during off peak hours on weekdays, operations 
during peak hours on weekends and lastly, operations during off peak hours on 
weekends. The spreadsheet model is used for the analysis using Microsoft Excel Solver. 
Based on the analysis, the results are the kWh per month of electricity distribution to 
each destination for each scenario and the total distribution cost for a month. Sensitivity 
analysis was done in order to know the sensitivity of the modeling. The results show that 
the kWh per month of electricity that need to be distributed to each destinations based on 
the demand from the destinations for January to October 2009. The study shows that 
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CHAPTER 1: INTRODUCTION 
1.1 BACKGROUND 
Energy demand grows at higher rate due to the strong economic growth in 
Malaysia. Because of this reason, various studies are done to improve the efficiency of 
energy usage. One of the options is the gas district cooling system. PETRONAS, the 
national oil company, studied and chose the gas district cooling system using natural 
gasses as the primary source of fuel. Natural gasses are use due to natural gas reserves 
are four times that of its crude oil reserves in Malaysia. One of the Gas District Cooling 
Plant implemented in Malaysia is the University Technology PETRONAS Gas District 
Cooling plant (UTP GDC plant). This plant is situated near UTP which is at Tronoh, 
Perak. 
UTP GDC plant consists of two units of gas turbines which are used to generate 
electricity by using natural gasses as its fuel. This electricity is supplied to UTP but it is 
also used by the plant for its internal usage and four electric chillers in the plant. The 
electric chillers are used by the plant to produce chilled water and supplied it to UTP for 
air conditioning system usage. Because of this distribution, UTP might receive 
insufficient electricity for UTP big demand. This problem can be solved by developing 
electricity scheduling modeling for the plant by using linear programming. 
Linear programming (LP) is a widely used mathematical technique designed to 
help operations managers plan and make decisions necessary to allocate resources. For 
this study, the author needs to study linear programming and how to solve linear 
programming problems. The linear programming problem that is involve in this case is 
transportation problem where it deal with the distribution of goods (which in this case is 






The transportation problem is one of the subclasses of linear programming 
problem where the objective is to transport various quantities of a single homogeneous 
product that are initially stored at various origins, to different destinations in such a way 
that the total transportation is minimum. F.I. Hitchaxic developed the basic 
transportation problem in 1941. However it could be solved for optimally as an answer 
to complex business problem only in 1951, when George B. Dantzig applied the concept 
of Linear Programming in solving the Transportation models.  
In this study, the author adopted linear programming to solve transportation 
problems that occurred in the distribution of electricity of UTP GDC plant. Based on the 
study, it shows that UTP GDC plant consist of four types of operations which are differ 
in term of machine used. The operations are operation during peak hours on weekdays, 
operation during off peak hours on weekdays, operation during peak hours on weekend 
and lastly operation during off peak hours on weekend. The peak hours is from 8.00 am 
– 9.0 pm (13 hours) and the off peak hours is from 10.00 pm – 7.00 am (11 hours).  
The data that is needed for the study are cost per unit for each electricity 
distribution (RM/kWh/month), demand of electricity of the electric chillers 
(kWh/month), plant usage and UTP (kWh/month), capacity of electricity distributed 
(kWh/month), and the numbers of working hours of the machines used (hours/month). 
After the modeling were developed and solved. To solve the problem, the author used 
Microsoft Excel Solver to solve the transportation modeling and linear programming. 











1.2 PROBLEM STATEMENT 
There are two gas turbines at UTP GDC plant to generate electricity. The 
electricity is supplied to UTP and also used for operating four electric chillers at plant 
and for plant usage. UTP required the supply of electricity to meet UTP demand during 
peak and off peak hours. Cases occurred where UTP received insufficient electricity for 
meeting demand. When UTP receive insufficient electricity, the UTP GDC plant had to 
depend on Tenaga Nasional Berhad (TNB) for supply. UTP GDC plant has to incur 
substantial cost when this occurred due to high maximum demand charges. Hence, there 
is a need for UTP GDC plant to have capability in optimizing the scheduling of 
electricity. One of the alternatives is to use distribution model. This is the intend of the 
study.  
1.3 OBJECTIVE AND SCOPE OF STUDY 
The primary objective for this project is to develop electricity scheduling 
modeling at UTP GDC plant to ensure optimize electricity distribution to the three types 
of demand namely electric chillers, UTP and plant usage. 
The scopes of study for the projects are to: 
1) Determine how much kWh of electricity per month that needs to be produced 
and distribute for each destinations during peak and off peak hours on weekdays 
and weekends. 












CHAPTER 2: LITERATURE REVIEW AND THEORY 
2.1 DISTRICT COOLING SYSTEM 
DCS involves centralizing of the thermal media (chilled water) required for the 
air-conditioning of buildings within a specific area or district and producing the chilled 
water from one central plant. The chilled water produced from the plant is then 
distributed to the respective buildings via a network distribution pipeline. 
According to L.S. Chan (2007) 
“A district cooling system is a sustainable means of distribution of cooling 
energy through mass production. A cooling medium like chilled water is generated at a 
central refrigeration plant and supplied to serve a group of consumer building through a 
piping network.” 
DCS is actually not a new system in the industrialized countries because it has 
been implemented since the sixties. However, in Asia, the use of the system has been 
used mainly in Japan and then being implemented in Malaysia, Singapore, Hong Kong 
and Taiwan. Unfortunately, almost all the DCS operation in Japan is electrically driven. 
Thus, the gas based DCS or Gas District Cooling (GDC) is still a new system in Asia. 
The low acceptance for the GDC system today is mainly attributed to the difficulty in 
obtaining supply of natural gas in some countries. This is why; Malaysia which a 






Figure 1: Typical Layout of a District Cooling Plant [A Razak A Rahman 2008] 
2.2 GAS DISTRICT COOLING (GDC) AND COGENERATIVE SYSTEM 
GDC system involves DCS but uses natural gas as its fuel. In order to produce 
the chilled water using chillers, GDC system provides two options. The first method 
involves burning of the gas in direct fired absorption chiller to produce chilled water. 
The second method uses natural gasses to fire the boilers to produce steam which is the 
used to drive the steam turbine centrifugal chillers (STC), or steam absorption chillers 
(SAC).  
For the STC, refrigerant R134 is used to produce the chilled water, whereas in 
the case of directly fired absorption chillers and SAC, the chemical lithium bromide is 
used. The choice of chiller to be used depends entirely on the temperature of chilled 
water required by the customers.  
Leif Mortensen (2004) mentioned that “Cogeneration is the process of 
simultaneous generation of two different forms of useful energy using one single 
primary energy source.”  The two types of energy generated are usually electrical and 
thermal. GDC and cogeneration system means that the use of energy source which is 
natural gas to generate electricity and also chilled water. 
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In order to consider cogeneration as an option to configure a GDC system, there 
are three factors that need to be taken which are: the volume of chilled water required by 
customers, amount of steam needed to drive the SACs or STCs, and finally the chilled 
water demand profile. In the GDC and cogeneration system, the natural gasses are 
supplied to two equipments, which are the auxiliary gas boiler and the gas turbine 
generator. In the auxiliary gas boiler, the gas is used to produce steam and the steam is 
supplied to the steam-driven chillers which produce chilled water.  
The chilled water is then supplied to customers. The gas supplied to the gas 
turbine generator is use to generate electricity which is supplied to customer and also 
used for plant usage. The gas from the gas turbine generator is supplied to the heat 
recovery steam generator to heat up the steam that had been used by the steam-driven 
chillers and then supplied back to the chillers. The system configuration of a GDC and 
cogeneration system is shown in Figure 2. 
 
Figure 2: Typical System Configuration of a Gas District Cooling (GDC) and 






Seth Haron [5] stated that there are many benefits of using GDC and cogeneration 
system. The benefits of using GDC and cogeneration system are: 
 Saving in capital cost 
 Saving in operating cost 
 Optimize building space 
 High efficiency factor 
 Higher system reliability 
 Environment friendly system 
2.3 UNIVERSITY TECHNOLOGY PETRONAS GDC PLANT 
UTP GDC plant which was built in late 2001 provides electricity and chilled 
water for the University. Gilani (2008) stated that UTP GDC plant was built because the 
location of UTP does not have sufficient power quality as required by the University.  
UTP also uses TNB supply as backup. The plant configurations are as follow: 
 2 units of 1250 RT SACs 
 4 units of 325 RT Electric Chillers (ECs) 
 1 unit of 10000 RTh of Thermal Energy Storage (TES) tank 
 2 units of 12 ton per hours of steam, HRSG 
 1 unit of 6 ton per hours of steam, AGB 
 2 units of 4.2 MW GTs 
 
Figure 3: Schematic Diagram of UTP GDC Plant [Gilani 2008]  
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The electricity generate by the gas turbines are used for UTP usage and also for 
the plant usage. The waste heat from the gas turbines is used to generate steam through 
HRSGs for chilled water generation by SACs which operate mainly during daytime. In 
order to supply chilled water during daytime, TES tank is used.  
There are four different categories of operations use by UTP GDC plant in order 
to distribute electricity. These four types of operations are operation during peak hours 
on weekdays, operation during off peak hours on weekdays, operation during peak hours 
on weekend and lastly operation during off peak hours on weekend. The peak hours is 

















The first category of operation is the operation during peak hours on weekdays. 
During this operation, two gas turbines are used to generate electricity. This electricity is 
then supplied to only UTP and also to the plant for plant usage. During peak hours, UTP 
electricity demand is highest so it needs more electricity and the plant also needs 
electricity.  
In this operation, electric chillers are not used to generate chilled water. Steam 
absorption chillers (SAC) are used during this time. This operation does not affect the 
distribution and usage of chilled water because the chilled water amounts that are 






















GT1 = Gas turbine 1 
GT2 = Gas turbine 2 
PU = Plant usage 
UTP = University Technology PETRONAS 
T1 = Electricity supplied by gas turbine 1 (kWh) 
T2 = Electricity supplied by gas turbine 1 (kWh) 
D1 = Electricity demand by plant for plant usage (kWh) 













The second category of operation is the operation during off peak hours on 
weekdays. During this operation, only one gas turbine is used to generate electricity and 
this electricity is then distributed to four electric chillers, UTP and plant usage. During 
off peak hours, the demand from UTP is quite low. The four electric chillers are used to 
































 GT1 = Gas turbine 1    T1 = Electricity supplied by gas turbine 1 (kWh) 
EWC1 = Electric water chiller 1   D1 = Electricity demand by Electric water chiller 1 (kWh) 
EWC2 = Electric water chiller 2   D2 = Electricity demand by Electric water chiller 2 (kWh) 
EWC3 = Electric water chiller 3   D3 = Electricity demand by Electric water chiller 3 (kWh) 
EWC4 = Electric water chiller 4   D4 = Electricity demand by Electric water chiller 4 (kWh) 
PU = Plant usage    D5 = Electricity demand by plant for plant usage (kWh) 
UTP = University Technology PETRONAS  D6 = Electricity demand by UTP (kWh) 
 























The third and fourth category of operation is operation during peak hours on 
weekend and operation during off peak hours on weekend. Both of these operations are 
the same where only one gas turbine is used to generate electricity and the electricity 
generated are distributed to plant for plant usage and also UTP. During weekend, all the 
office blocks are close means that only the student’s hostels needs electricity. Thus, only 
one gas turbine needs to operate in order to meet the demand. Even though the 
electricity distribution operations during both peak hours and off peak hours are same 





















GT1 = Gas turbine 1 
PU = Plant usage 
UTP = University Technology PETRONAS 
T1 = Electricity supplied by gas turbine 1 (kWh) 
T2 = Electricity supplied by gas turbine 1 (kWh) 
D1 = Electricity demand by plant for plant usage (kWh) 











2.4 LINEAR PROGRAMMING 
Linear programming (LP) is a mathematical technique that is widely used for 
solving optimization problems in the industry. According to Leonid N. Vaserstein (2003, 
p.2), “optimization problems can be divided into two, which is maximization problems 
and minimization problems. In maximization problem, we want to maximize the 
function over a set and in minimization problem; we want to minimize the function over 
a set.”  This shows that, linear programming is suitable to be used for the study. The 
study required that the amount of electricity that should be supplied to UTP is 
maximized. 
Jay Heizer and Barry Render (2001, P.741) said that “There are four 
requirements of a LP problem.” The four requirements are: 
1) Objective function - a mathematical expression in linear programming that 
maximizes or minimizes some quantity.  
2) Constraints – restriction that limit the degree to which an engineer can pursue an 
objective. 
3) There must be alternative courses of action to choose from. 
4) The objective and constraints in linear programming problems must be expressed in 
term of linear equations or inequalities. 
This study consists of the entire requirement needed for the author to use LP. 
Gerard Sierksma (2002, P.332) also said that “one of the applications of LP is for public 
utilities and natural sources.” This proves that linear programming is suitable to be used 
in the study. To solve LP problems for the study, the author need to use Microsoft excel 
solver. “Microsoft excel solver is limited to 200 changing cells (variables), each with 2 
boundary constraints and up to 100 additional constraints. These capabilities make 
Solver suitable for the solution of complex, real-world problems.” Jay Heizer and Barry 





 2.4.1 SENSITIVITY ANALYSIS OF LINEAR PROGRAMMING 
 For operation managers, it is important for them to have more than the optimal 
solution to an LP problem. In addition to knowing the value of each decision variable 
and the value of the objective function, they want to know how sensitive these answers 
are to input parameter changes. For example, what happens if the coefficients of the 
objective function are not exact, or if they change by10% or 20 %? Because solutions 
are based on the assumption that input parameters are constant, the subject of sensitivity 
analysis comes into play. 
  Jay Heizer and Barry Render (2001, P.749) said that “Sensitivity analysis is the 
study of how sensitive solutions are to parameter changes.” LP software like Excel can 
be use to perform sensitivity analysis.  
2.5 TRANSPORTATION PROBLEMS 
“Transportation problems in general are concerned with distributing any 
commodity from any group of supply centers called sources, to any group of receiving 
centers, called destinations, in such a way as to minimize the total distribution cost.” 
Frederick S. Hillier and Mark S. Hillier (2003, p.222). This statement shows that the 
problem of this study can be categorized as transportation problems of linear 
programming. 
In this study, the sources of commodity which is electricity are the two gas 
turbines and the destinations are four electric chillers, in plant usage and UTP. Each 
source has a certain supply of unit to distribute to the destinations and each destination 
has a certain demand for units to be received from the sources. The general model of a 














For this type of problem, the assumptions that need to be make about the supplies and 
demands are:- 
 Each source has a fixed supply of units, where this entire supply must be 
distributed to the destinations.  
 Each destination has a fixed demand for units, where this entire demand must be 
received from sources. 
The assumptions mean that there needs to be a balance between the total supply 
from all sources and the total demand at all destinations. “A transportation problem will 
have feasible solutions only if the sum of its supplies is equal to the sum of its 
demands.” Frederick S. Hillier and Mark S. Hillier (2003, p.223). 
For the cost per unit distributed in the study, the assumption that can be made is 
that the cost of distributing units from any particular destination is directly proportional 
to the number of units distributed. Therefore, the cost is just the unit cost of distribution 
times the number of units distributed. 
The only data needed for the study are the supplies, demands, and unit costs. All 
of these data are the parameters of model. With all of this data, the problem can be 




Units of commodity 
Sources 
Destinations 
Supply from a source 
Demand at destination 
Cost per unit distributed from a source to a destination 
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 2.5.1 DEMAND NOT EQUAL TO SUPPLY 
 A common situation in real-world problems is the case in which total demand is 
not equal to total supply. This so called “unbalanced” situation can be handle by 
introducing dummy sources or dummy destinations. If total demand is higher that total 
























CHAPTER 3: METHODOLOGY AND PROJECT WORK 
3.1 RESEARCH METHODOLOGY 
The methodology adopted for the study is shown in Figure 7. 
 
Figure 7: Flow chart of the research methodology 
Title Selection: After discussing with the lecturer, the title selected was Scheduling of 
Electricity Distribution at UTP GDC Plant Using Linear Programming. 
Preliminary research/Literature review: Before proceed with the study, the author 
need to cover all the basic understanding about linear programming, transportation 
models, UTP GDC plant and others related to the project. 
Data collection: Data from electric distribution of UTP GDC plant was collected. 
Data analysis: The data was analyzed first. Then after that, the problem was solved by 
using linear programming method. 











3.2 GANTT CHART 
Activity 
FYP 1 FYP 2 
June July Aug Oct Nov Dec 
Title Awarded       
Research on UTP GDC plant and 
linear programming 
      







Formulating of the Spreadsheet 
Model 





Apply the Model to Analyze the 
Problem and Develop 
Recommendation for 
Management 





Data analysis     2
nd
 Dec 
Draft of Report      16
th
 Dec 
Report Completion      23
rd
 Dec 









3.3 PROJECT ACTIVITIES 
In order to develop electricity scheduling modeling for UTP GDC plant, the 





















Formulating Problem in 
Linear programming Terms 
Formulating of the Spreadsheet Model 
Test the Model and Refine its Needed  
Apply the Model to Analyze the Problem 




 3.3.1 PROBLEM IDENTIFICATION 
The problem highlighted in the problem statement part before is categorized as a 
transportation problem of linear programming problems where it deals with the 
distribution of goods (which in this case is electricity) through a distribution network at 
minimum cost. In order to solve this problem, transportation modeling was adopted. The 
sources of the electricity are the two gas turbines and the destinations are the four water 
chillers, plant usage and also UTP. By considering minimizing the cost, linear 
programming was used to calculate the minimum amount of electricity that need to be 
distributed to the four water chillers and plant usage.  
 Four cases were considered for the operations of the GDC plant. The four 
operations are:  
i. operation during peak hours on weekdays,  
ii. operation during off peak hours on weekdays, 
iii. operation during peak hours on weekend and lastly  
iv. operation during off peak hours on weekend.   
Summarize of the operations are shown in the Figure 2. 





No of machines use 
Weekdays Weekend 
Day Night Day Night 
Gas Turbine 2 1 1 1 
Electric Chillers 1 4 0 0 
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  3.3.2 FORMULATING PROBLEM IN LINEAR PROGRAMMING 
TERM 
First, it is shown in the problem that each source has a certain supply of units to 
distribute to the destination and each destination has a certain demand for unit to be 
received from the source. The problem and the general model correspond in terminology 
for any distribution-network problem is summarized in Table 3.. 
Table 3: Terminology for a distribution-network problem and the study 
Formulating the Linear Programming problem involved the following steps: 
i. Analyzing the problem to four categories of operations that UTP GDC plant 
applied in the plant namely operation during peak hours on weekdays, operation 
during off peak hours on weekdays, operation during peak hours on weekend and 
lastly operation during off peak hours on weekend. 
ii. The four categories of operations were considered. 
iii. The modeling that need to be develop are only two which are for weekends and 
weekdays. 
UTP GDC Plant Problem General Model. 
Electricity distributed Units of commodity 
Gas turbines. Sources 
Four electric chillers, plant usage and UTP. Destinations 
Electricity distribute from gas turbines. Supply from sources 
Electricity demand for four electric chillers, 
plant usage and UTP. 
Demand at a destination 
Distribution cost per unit of electricity from 
sources to destination. 
Cost per unit distributed from a source 
to a destination 
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There are some assumptions that need to be made before formulating the modeling.  
Assumption:  
 Each source (two gas turbines) has a fixed supply of units, where this entire 
supply must be distributed to the destinations.   
 Each destination (four electric chillers, plant usage and UTP) has a fix demand 
kWh of electricity, where this entire demand must be receive from the sources. 
 The sum of electricity generated by the two turbines is equal the sum of supply to 
electric chillers, plant usage and UTP. 
 The cost of distributing units from any particular source to any particular 
destination is directly proportional to the number of units distributed. 
 Each actual electricity distribution operation during each operation time are 
exactly as the theoretical electricity distribution operation. 
The only data needed for a transportation problem are kWh generated by two 
turbines, kWh required by four electric chillers, in plant usage and UTP and unit cost. 
These are the parameters of the model. All of these data had been collected by the 
author. The data for the kWh generated by two turbines, kWh required by four electric 
chillers, in plant usage and UTP and unit cost that had been gathered are from year 2009 
from January to October. Example data is shown in Table 4. 
Based on the data, we can see the electricity demand by the plant for plant usage, 
UTP and the four electric chillers during peak hours, Tp and also during off peak hours, 
To for 1
st
 January 2009 until 31
st
 January 2009. The top-up supply of electricity that 




Table 4 : Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required by four electric 
chillers, in plant usage and UTP for January 2009
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 Another data that is important in order to formulate the modeling is the unit cost 
of electricity distribution for each distribution. The data is shown on table below. 
Table 5: Tariff charge of electricity distribution for year 2009 
 
Based on the data shown in Table 5, it shows that the unit cost of electricity 
distribution during peak hours is RM 0.29 kWh / month and for off peak hours is RM 
0.18 kWh / month. For the top-up supply from TNB, the unit cost is depends on the 
numbers of hours for each operation during peak hours and off peak hours which is 8.00 
am – 9.00 pm (13 hours) for peak hours and the 10.00 pm – 7.00 am (11 hours) for off 
peak hours. The unit cost also depends on the numbers of day for a month which varies 
for each month in year.  
After all of the data are collected, the modeling was developed. In order to 
develop the modeling, it is important to know the operations of electricity distribution at 
the plant. For UTP GDC plant, the operations are different between the peak hours 
weekdays, off peak hours weekdays, peak hours weekend and off peak hours weekend. 

















For all kWh of top-up supply 
C2 RM/kWh/month 0.29 0.18 
(35.6 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑜𝑓 𝑕𝑜𝑢𝑟𝑠 )




Developing the modeling for UTP GDC plant was done but firstly, the author 
needs to understand the operations that are used in the plant. Figure below show the 
general network representation of UTP GDC plant problem. Where the arrows show the 











Figure 10: General network representation of electricity distribution for UTP GDC plant 
GT- gas turbine 
EWC- electric water chillers 
PU- plant usage 
UTP-University Technology 
PETRONAS 
𝑋𝑖𝑗 - Amount of electricity supplied from 
𝐺𝑇𝑖  to 𝐷𝑗  (kWh) 
𝐶𝑖𝑗 - Unit cost to supply electricity from 
𝑇𝑖  to 𝐷𝑗  (RM/kWh/month) 
T1- amount of electricity generated by 
GT1 (kWh) 
T2- amount of electricity generated by 
GT2 (kWh) 
D1- amount of electricity demand by 
EWC1 (kWh) 
D2- amount of electricity demand by 
EWC2 (kWh) 
D3- amount of electricity demand by 
EWC3 (kWh) 
D4- amount of electricity demand by 
EWC4 (kWh) 
D5- amount of electricity demand by 
PU (kWh) 




































Now, the mathematical model was formulated in algebraic form. First, let 𝑥𝑖𝑗  be 
the amount of electricity to be distributed from gas turbine i to destination  j for each i = 
1,2 and j =1,2,3,4,5,6. The objective function is to minimize the cost of distribution. 
Which means to choose the values of these 12 decision variables (𝑥𝑖𝑗 ) in order to have 
the minimum cost of distribution.  
Objective function: 
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑐𝑜𝑠𝑡 =
                      𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 ($/𝑘𝑤𝑕) × 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦(𝑘𝑤𝑕)  







Subject to constraints:- 
There are two types of constraints that the author needs to consider, which are 
the supply constraint and the demand constraint. For the supply constraint, we know that 
the amount of electricity that generate by the gas turbines must be equal to the amount of 
electricity that distributed to destinations. The mathematical model of the supply 
constraint is shown below. 
Supply constraints:- 
 𝑥𝑖𝑗 ≤ 𝑇𝑖
𝑛
𝑖=1 ,   𝑗=1
(𝑇) 
For the demand constraints, the electricity demand of each of destination is equal 
to the sum of amount of electricity distributed to each destination. The mathematical 







 𝑥𝑖𝑗 ≤ 𝐷𝑗
𝑛
𝑖=1 ,   𝑗=1
(𝑇) 
For the nonnegative constraints, we know that each value of the electricity must 
not be negative. 
Nonnegative constraint:- 
𝑋𝑖𝑗  ≥ 0 ,𝐶𝑖𝑗  ≥ 0 , 1 ≥ 0 , 𝑇2 ≥ 0 , D1≥ 0 , D2≥ 0 , D3≥ 0 , D4≥ 0 , D5≥ 0 , 
D6≥ 0  
In order to solve the problem for each case of operation, the author needs to 















For weekdays, the objective function is to minimize the cost of electricity 
distribution during weekdays for both peak hours and off peak hours. For this operation, 






Figure 11:  Network representation of Electricity Distribution during Peak Hours (8.00 
am – 9.00 pm) on Weekdays 
Where; 
GT1 = Gas turbine 1 
GT2 = Gas turbine 2 
PU = Plant usage 
UTP = University Technology 
PETRONAS 
T1 = Electricity supplied by gas turbine 
1 (kWh) during peak hours 
T2 = Electricity supplied by gas turbine 
1 (kWh) during peak hours 
D1 = Electricity demand by plant for 
plant usage (kWh) during peak hours 
D2 =   Electricity demand by UTP 
(kWh) during peak hours 
𝑋11- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷1 (kWh) 
𝑋12- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷2 (kWh) 
𝑋21- Amount of electricity supplied 
from 𝐺𝑇2 to 𝐷1 (kWh) 
𝑋22- Amount of electricity supplied 








































Figure 12: Network representation of Electricity Distribution during Off Peak Hours      
(9.00 pm – 8.00 am) on Weekdays 
Where; 
GT1 = Gas turbine 1    
T1 = Electricity supplied by gas turbine 1 
(kWh)  
EWC1 = Electric water chiller 1   
D3 = Electricity demand by Electric water 
chiller 1 (kWh) during off peak hours 
EWC2 = Electric water chiller 2   
D4 = Electricity demand by Electric water 
chiller 2 (kWh) during off peak hours 
EWC3 = Electric water chiller 3   
D5 = Electricity demand by Electric water 
chiller 3 (kWh) during off peak hours 
EWC4 = Electric water chiller 4   
D6 = Electricity demand by Electric water 
chiller 4 (kWh) during off peak hours 
PU = Plant usage    
D7 = Electricity demand by plant for plant 
usage (kWh) during off peak hours 
UTP = University Technology PETRONAS  
D8 = Electricity demand by UTP (kWh) 
during off peak hours
𝑋13- Amount of electricity supplied               
from 𝐺𝑇1 to 𝐷3 (kWh) 
𝑋14- Amount of electricity supplied 











































𝑋15- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷5 (kWh) 
𝑋17- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷7 (kWh) 
𝑋16- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷6 (kWh) 
𝑋18- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷8 (kWh) 
Based on both of the network distribution, the mathematical modeling for the 
weekdays operations are:- 
 Objective function: 
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑐𝑜𝑠𝑡
=  𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 (𝑅𝑀/𝑘𝑤𝑕)
× 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦(𝑘𝑤𝑕) 
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑐𝑜𝑠𝑡
= 𝐶𝑃 𝑋11 + 𝑋12 + 𝑋21 + 𝑋22 
+ 𝐶𝑂𝑃 𝑋13 + 𝑋14 + 𝑋15 + 𝑋16 + 𝑋17 + 𝑋18  
Where 𝐶𝑃 , is the cost per unit for peak hours which is RM 0.29/kWh/month and 
𝐶𝑂𝑃  is the cost per unit for off peak hours which is RM 0.18/kWh/month. 𝑋11  ,  𝑋12  ,
𝑋21 , 𝑋22  ,  𝑋13  , 𝑋14  , 𝑋15  , 𝑋16  , 𝑋17  and 𝑋18  is the kWh of electricity that need to be 
distributed to destination in a month. 
Subject to constraints:- 
Supply constraint during peak hours: 
               𝑋11 + 𝑋12 + 𝑋21 + 𝑋22 ≤  𝑇1 + 𝑇2  𝑇𝑃  
         Where. 𝑋11  ,  𝑋12  , 𝑋21  and 𝑋22  are the variables of the kWh that the plant need to 
distribute to the demand during peak hours per month. The sum of all the variables must 
be less or equal to the supplied electricity by gas turbine 1 and gas turbine 2 which is 





Supply constraint during off peak hours: 
 𝑋13 + 𝑋14 + 𝑋15 + 𝑋16 + 𝑋17 + 𝑋18 ≤ 𝑇1 𝑇𝑂  
 Where  𝑋13  , 𝑋14  , 𝑋15  , 𝑋16  ,𝑋17 and 𝑋18are the variables of the kWh that the 
plant need to distribute to the demand during peak off hours per month. The sum of all 
the variables must be less or equal to the supplied electricity by gas turbine 1which is 
equal to 4.2 MW multiplied by the amount of hours for peak hours for that particular 
month. 
Capacity constraint: 
For peak hours: 
 𝐷1 + 𝐷2 ≤  𝑇1 + 𝑇2  𝑇𝑃  
 Where 𝐷1and 𝐷2 are both the demand of electricity from the plant and UTP. The 
sum of both demands during peak hours per month must be less or equal to the sum of 
supply from both gas turbines which are 8.4 MW multiplied by the amount of hours for 
peak hours for that particular month. 
For off peak hours: 
 𝐷3 + 𝐷4 + 𝐷5 + 𝐷6 + 𝐷7 + 𝐷8 ≤ 𝑇1 𝑇𝑂  
 Where 𝐷3 , 𝐷4 , 𝐷5 , 𝐷6 , 𝐷7 and 𝐷8 are the demands of electricity from the four 
electric chillers, plant and UTP. The sum of the demands during off peak hours per 
month must be less or equal to the sum of supply from both gas turbines which are 4.2 








For weekend, the objective function is to minimize the cost of electricity 
distribution during weekend for both peak hours and off peak hours. For this operation, 







Figure 13: Network representation of Electricity Distribution during Peak Hours (8.00 
am – 9.00 pm) on Weekend 
Where; 
GT1 = Gas turbine 1 
PU = Plant usage 
UTP = University Technology 
PETRONAS 
T1 = Electricity supplied by gas turbine 
1 (kWh) during peak hours 
D1 = Electricity demand by plant for 
plant usage (kWh) during peak hours 
D2 =   Electricity demand by UTP 
(kWh) during peak hours 
𝑋11- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷1 (kWh) 
𝑋12- Amount of electricity supplied 

























Figure 14: Network representation of Electricity Distribution during Off Peak Hours      
(9.00 pm – 8.00 am) on Weekend 
Where; 
GT1 = Gas turbine 1 
PU = Plant usage 
UTP = University Technology 
PETRONAS 
T1 = Electricity supplied by gas turbine 
1 (kWh) during off peak hours 
D1 = Electricity demand by plant for 
plant usage (kWh) during off peak hours 
D2 =   Electricity demand by UTP 
(kWh) during off peak hours 
𝑋13- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷3 (kWh) 
𝑋14- Amount of electricity supplied 
from 𝐺𝑇1 to 𝐷4 (kWh) 
Based on both of the network distribution, the mathematical modeling for the 
weekdays operations are:- 
Objective function: 
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑐𝑜𝑠𝑡
=  𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 (𝑅𝑀/𝑘𝑤𝑕)
× 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦(𝑘𝑤𝑕) 
𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑐𝑜𝑠𝑡 =  𝐶𝑂𝑃 𝑋13 + 𝑋14 + 𝐶𝑃 𝑋11 + 𝑋12  
Where 𝐶𝑃 , is the cost per unit for peak hours which is RM 0.29/kWh/month and 
𝐶𝑂𝑃  is the cost per unit for off peak hours which is RM 0.18/kWh/month. 𝑋11and 𝑋12  is 












Subject to constraints:-  
Supply constraint during peak hours: 
 𝑋11 + 𝑋12 ≤ 𝑇1 𝑇𝑂  
         Where. 𝑋11  and 𝑋12  are the variables of the kWh that the plant need to distribute to 
the demand during peak hours per month. The sum of all the variables must be less or 
equal to the supplied electricity by gas turbine 1 which is equal to 4.2 MW multiplied by 
the amount of hours for peak hours for that particular month. 
Supply constraint during off peak hours: 
               𝑋13 + 𝑋14 ≤ 𝑇1 𝑇𝑃  
         Where. 𝑋13  and 𝑋14  are the variables of the kWh that the plant need to distribute to 
the demand during off peak hours per month. The sum of all the variables must be less 
or equal to the supplied electricity by gas turbine 1 which is equal to 4.2 MW multiplied 
by the amount of hours for peak hours for that particular month. 
Capacity constraint: 
For peak hours:- 
 𝐷1 + 𝐷2 ≤  𝑇1  𝑇𝑃  
Where 𝐷1and 𝐷2 are both the demand of electricity from the plant and UTP. The sum of 
both demands during peak hours per month must be less or equal to the sum of supply 
from gas turbine 1 which are 4.2 MW multiplied by the amount of hours for peak hours 
for that particular month. 
For off peak hours: 
 𝐷3 + 𝐷4 ≤  𝑇1  𝑇𝑂  
 Where 𝐷3 and 𝐷4 are both the demand of electricity from the plant and UTP. The 
sum of both demands during peak off hours per month must be less or equal to the sum 
of supply from gas turbine 1 which are 4.2 MW multiplied by the amount of hours for 
off peak hours for that particular month. 
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 3.3.3 FORMULATING OF THE SPREADSHEET MODEL 
 Now that the mathematical modules for each case had been developed as shown 
in the previous section, the formulation of the spreadsheet model can be developed. 
Because of the big amount of data, it is not suitable for the author to solve the problem 
using manual method such as the North West corner rules. For this problem, it is 
essential for the author to use Microsoft Excel Solver in order to solve the problem. 
Before the problem can be solve, the spreadsheet model need to be developed. 
For the first step of formulating the spreadsheet model, all of the data need to be 
put into a table. The data that need to be put into the table are the unit cost for each 
distribution of electricity, all of the kWh demand of electricity and the kWh supplied of 
electricity by the gas turbine. Based on the cases of operations that are mentioned from 
previous section, for each month, the author needs to develop four spreadsheet model for 
each cases which are for peak hours weekdays, off peak hours weekdays, peak hours 
weekend and lastly for off peak hours weekend. The examples tables for each operation 
are shown below. 
Table 6: Data for peak hours weekdays January 2009 
DATA 
   COSTS PU (Tp) UTP (Tp) SUPPLY 
GT1 0.29 0.29 1,201,200.00 
GT2 0.29 0.29 1,201,200.00 
DEMAND 272,886.27 1,035,746.91 1308633.17889399\2402400 
 
From the table above, it shows that the unit cost of distribution during peak hours 
for each distribution which is RM 0.29/kWh/month. The demand for peak hours 
weekdays January 2009 for plant usage (PU) is 272886.27kWh/month and for UTP is 
1035746.91kWh/month. The amount of electricity supplied by both gas turbines is the 





Table 7: Data for off peak hours weekdays January 2009 
DATA 
       COSTS EC1 (To) EC2 (To) EC3 (To) EC4 (To) PU (To) UTP (To) SUPPLY 
GT1 0.18 0.18 0.18 0.18 0.18 0.18 1,016,400.00 
TNB 0.36 0.36 0.36 0.36 0.36 0.36 140,069.60 
DEMAND 55,663.00 74,477.08 113,438.61 53,574.59 254,572.58 604,743.75 1156469\1156469 
 
From the table above, it shows that the unit cost of distribution during off peak 
hours for each distribution which is RM 0.18/kWh/month. The demand for off peak 
hours weekdays January 2009 for electric chillers 1 is 55663 kWh/month, electric 
chillers 2 is 74477.08 kWh/month , electric chillers 3 is 113438.61 kWh/month, electric 
chillers 4 is 53574.59 kWh/month,  plant usage (PU) is 254572.58 kWh/month and for 
UTP is 604743.75 kWh/month. The amount of electricity supplied by gas turbine is 
1016400 kWh/month. Unfortunately, due to insufficient supply by the plant, the plant 
needs to have top up supply from TNB for 140069.60 kWh/month that will cost 
RM0.36/kWh/month. 
Table 8: Data for peak hours weekend January 2009 
DATA 
   COSTS PU (Tp) UTP (Tp) SUPPLY 
GT1 0.29 0.29 1,201,200.00 
DEMAND 97,442.34 242,174.63 339616.96961527\1201200 
 
From the table above, it shows that the unit cost of distribution for peak hours for 
each distribution which is RM 0.29/kWh/month. The demand for peak hours weekend 
January 2009 for plant usage (PU) is 97441.34 kWh/month and for UTP is 242174.63 







Table 9: Data for off peak hours weekend January 2009 
 
DATA 
   COSTS PU (Tp) UTP (Tp) SUPPLY 
GT1 0.18 0.18 1,201,200.00 
DEMAND 75,880.61 195,949.90 271830.513136813\1201200 
 
From the table above, it shows that the unit cost of distribution for 0ff peak hours 
for each distribution which is RM 0.18/kWh/month. The demand for off peak hours 
weekend January 2009 for plant usage (PU) is 75880.61 kWh/month and for UTP is 
195949.9 kWh/month. The amount of electricity supplied by the gas turbine is 1201200 
kWh/month. 
After all the data had been put into the table, now, a table for each operation 
needs to be developed. In these tables, the variables, which are the amount of electricity 
need to be distributed to each destination, can be calculated by using Solver function. An 
example of the table is shown in figure below. 




In the figure shown before, on the second table, at the demand row, the function 
is put into the excel where the value of demand for both plant (PU) and UTP must be 
equal to the sum of kWh electricity distributed to each destination which in this case are 
to the plant and UTP. For the supply column, the total amount of supply from gas 
turbine 1 (GT1) must be equal to the sum of kWh electricity distributed from GT1 to PU 
and UTP.  
 After inserting the formula in excel, the problem can be solve by using Solver. 
By using solver function, the total cost can be calculated. In the total cost box, the 
formula for calculating cost is inserted in term of excel formula. Then, all of the 
information needed by Solver function need to be key in. The information that is needed 
by the Solver is shown in the figure 12.  
 Now, the spread sheet model is ready to be used to solve the problem. Solver 
function also can help the user to have sensitivity report for the problem. To have the 
sensitivity report, after click the solve button, there is an option shown to choose which 














 3.3.4 TEST THE MODEL AND REFINE ITS NEEDED 
 After developing both the mathematical and spreadsheet models, both of them 
need to be tested. For the mathematical models, each case of operation is studied 
thoroughly in order to have an accurate mathematical modeling that symbolizes the 
operations. To achieve this, the author had gone to UTP GDC plant to investigate and 
studies the operations.  
 Based on the study, the mathematical model was developed. To test the models, 
the actual data is inserted into the models to see the result whether the result is good or 
not. After testing the model with the actual data, some the model need to be refined its 
needed. The test is also done by the help of Ap Ir Dr Mohd Amin that consult the author 
about the models. 
 The test is done until the author is satisfied with the modeling. Now, the 
modeling is ready to be used to analyze and solved the problem. 
 3.3.5 APPLY THE MODEL TO ANALYZE THE PROBLEM AND 
DEVELOP RECOMMENDATION FOR MANAGEMENT  
 For this project activity, the result had been analyzed and show in the next 
section. For this study, the author had solved the problem using Solver function for each 
month for January 2009 until October 2009. The total cost for each month had been 
calculated and some recommendation had been done in order to minimize the total cost 









CHAPTER 4: RESULTS AND DISCUSSIONS 
4.1 ELECTRICITY DISTRIBUTION TO EACH DESTINATION 
 Based on the model developed shown in previous sections, the model is used to 
solve the problem. The kWh of electricity distribution to each destination is calculated 
for each operation. The results show the feasible kWh of electricity distribution to each 
destination that can give the minimum total cost of electricity distribution to the plant. 
The results are for January 2009 until October 2009. The result for each operation is 
shown in table below. 
Table 10: kWh/month of Electricity Distribution for Peak Hours Weekdays 
Month 
From GT1 to 
Plant 
(kWh/month) 
From GT1 to 
UTP 
(kWh/month) 
From GT2 to 
Plant 
(kWh/month) 
From GT2 to 
UTP 
(kWh/month) 
January 136443.13 517873.45 136443.13 517873.45 
February 190256.79 625688.99 190256.79 625688.99 
March 235621.33 619748.06 235621.33 619748.06 
April 235645.50 726324.04 235645.50 726324.04 
May 269028.11 623586.89 269028.11 623586.89 
June 225366.86 570397.10 225366.86 570397.10 
July 256070.10 628637.18 256070.10 628637.18 
August 200652.58 590387.23 200652.58 590387.23 
September 184490.00 527116.37 184490.00 527116.37 




Month January February March April May June July August September October 

































































































































































































































































































Table 12: kWh/month of Electricity Distribution for Peak Hours Weekend 
 
 Table 13: kWh/month of Electricity Distribution for Off Peak Hours Weekend 
Month January February March April May June July August September October 














































Month January February March April May June July August September October 


















































Figure 17: Graph for Actual Supply vs. Theoretical Supply 
Graph above shows the kWh of actual and theoretical supply of electricity to 
each destination. The graph approved that after adopting the electricity scheduling, the 
kWh of electricity distribution can be decrease. This happen due to the electricity 
distributed to destinations are based on the demands. 
From these results, we can see that for operation on off peak hours during 
weekdays, the plant has to rely on the top up electricity from TNB due to insufficient 
supply of electricity from the plant. This situation happens only during the off peak 
hours on weekdays because of the usage of the four electric chillers during the off peak 
hours. The four electric chillers are used by the plant to generate chilled water and the 
chilled water is stored to be used on the peak hours. The chilled water is supplied by the 
plant to UTP for air conditioning usage. The chilled water stored is important for the 






























The demand from UTP during the off peak hours which is mainly from the 
student hostel are quite high due to the usage of electricity appliance such as laptop by 
the student to do their studies or other usage. Because of these factors, the plant cannot 
supply enough electricity for each destination during this time. The figure below shows 
the total kWh/month demand of electricity from January 2009 until October 2009. 
 
Figure 18: Graph for Total Electricity Demand and Supply during Off Peak Hours on 
Weekdays for January 2009 to October 2009 
 Based on figure 14, it’s clearly shows that the total electricity demand during off 
peak hours on weekdays are higher than the total electricity supplied by the plant. 
Because of this, the plant has to rely on the top up supply by TNB to meet these 
demands. The top up supply will cost RM 35.60 per kW and this unit cost is quite high. 
During off peak hours on weekdays, the operation of the plant only using a single gas 
turbine which only can generate about 4.2MW maximum. With this operation surely the 


































 In order to meet the demand, UTP GDC plant needs to use two gas turbines for 
operations on off peak hours during weekdays. By using two gas turbines, the plant will 
surely meet the demand. An evaluation has been made using linear programming in 
order to know the effect of using two gas turbines during this operation. The results are 
shown in figure 15 below.   
 
Figure 19: Graph for Total Electricity Demand and Supply during Off Peak Hours on 
Weekdays for January 2009 to October 2009 after Using Two Gas Turbines 
 Figure 15 shows that by using two gas turbines, the plant can meet the demand 






























Total Electricity Demand and Supply during Off Peak Hour on Weekdays for 
January 2009 to October 2009 after Using Two Gas Turbines




4.2 TOTAL COST OF ELECTRICITY DISTRIBUTION 
 By using linear programming, the amount of the total cost of electricity 
distribution is minimized by scheduling the appropriate amount of kWh/month of 
electricity that needs to be distributed to each destination. After applying the modeling 
towards the problem, the total cost of each month can be calculated. The total cost of 
electricity distribution for each month is shown in Table 14. 
































The total cost of electricity distribution not only depends on the kWh/month of 
electricity distributed to each destination, it also depends on the unit cost of electricity 
which differs every year. For 2009, the unit cost of electricity for peak hours is 
RM0.29/kWh/month and for off peak hours is RM0.18/kWh/month. The top up supply 
unit cost is RM 35.60/kW. 
 
Figure 20: Graph for Actual Total Cost vs. Theoretical Total Cost 
 Graph in Figure 20 shows the actual total cost of electricity distribution vs. the 
theoretical total cost of electricity distribution. In this graph, it shows that after adopting 
electricity scheduling, the amount of total cost can be reduced. 
Even though by using linear programming to scheduling the electricity 
distribution can minimize the cost of distribution, the total cost can be reduce more by 
changing the operations for off peak hours during weekdays. By using two gas turbines, 
the cost can be reduced more due to the lower unit cost use. When the plant cannot meet 
the electricity demand, the plant needs top up supply from TNB but the top up supply 




























Figure 21: Graph for Total Cost of Electricity Distribution during Off Peak Hours on 
Weekdays for January 2009 to October 2009 
 The graph in figure 21 clearly shows that the total cost can be reduce by 
changing the operation during off peak hours on weekdays from using only a gas turbine 




















Total cost of electricity distribution during off peak hour on weekdays 
for January 2009 to October 2009 
Total cost after 








4.3 SENSITIVITY ANALYSIS  
 Sensitivity analysis is important to know how much a solution might change if 
there were changes in the variables or input data. For this study, the author had done 
sensitivity analysis towards the results. From the sensitivity analysis done, it shows that 
the electricity scheduling is very sensitive towards any changes on the variable.  
 For example, from the data for January 2009, during the peak hours on week 
days, the value of kWh of electricity distributed to each destination and the total cost of 
distribution are shown in Table 15. 
Table 15: Total Cost of Electricity Distribution and kWh/month of Electricity 
Distribution for January 2009 
 
 If all of the data for kWh/month of electricity distribution is increased by 10%, 
the total cost will be increased by 10%.  The value is shown in Table 16. 
Table 16: Total Cost of Electricity Distribution and kWh/month of Electricity 






From GT1 to 
Plant 
(kWh/month) 
From GT1 to 
UTP 
(kWh/month) 
From GT2 to 
Plant 
(kWh/month) 
From GT2 to 
UTP 
(kWh/month) 
Total cost of 
distribution 
(RM/month) 
January 136443.13 517873.45 136443.13 517873.45 343,891.96 
Month 
From GT1 to 
Plant 
(kWh/month) 
From GT1 to 
UTP 
(kWh/month) 
From GT2 to 
Plant 
(kWh/month) 
From GT2 to 
UTP 
(kWh/month) 
Total cost of 
distribution 
(RM/month) 




𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 =
 378281.16 − 343891.96 
343891.96
∗ 100 = 10% 
 
 The same thing happened when the entire variable is decreased by 10%. The 
total cost also decreased by 10%. The value is shown in Table 17. 
Table 17:  Total Cost of Electricity Distribution and kWh/month of Electricity 
Distribution for January 2009 When Decrease by 10% 
 
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 =
 309502.7672 − 343891.96 
343891.96
∗ 100 = −10% 
 The electricity scheduling is very sensitive towards any changes on the variable 
due to the value of unit cost for the electricity distribution used for the problem. The unit 
cost used is the same for all the electricity distribution during the peak hours. Same thing 
happens during the off peak hours. Because of this factor, even a slightly change in the 








From GT1 to 
Plant 
(kWh/month) 
From GT1 to 
UTP 
(kWh/month) 
From GT2 to 
Plant 
(kWh/month) 
From GT2 to 
UTP 
(kWh/month) 
Total cost of 
distribution 
(RM/month) 
January 12279.88216 466086.1089 12279.88216 466086.1089 309502.7672 
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CHAPTER 5: CONCLUSSION AND RECOMMENDATION 
 The study shows that scheduling of electricity distribution can be done by using 
linear programming. The amount of kWh of electricity to be distributed to each 
destination can be determined by using Microsoft Excel Solver. 
 There are four cases that were considered by the author which are different in 
term of electricity distribution. The four cases are operation during peak hours on 
weekend, operation during off peak hours on weekend, operation during peak hours on 
weekdays and operation during off peak hours on weekdays. 
By considering the four cases, the models were developed by having two 
mathematical models namely for weekend and weekdays. Each of the models contains 
the distribution during peak and off peak hours. After the mathematical models were 
been developed, spreadsheet models were developed. The problem was then solved by 
using Solver function in Microsoft excel.    
The amount of kWh electricity per month that needs to be distributed to each 
destination were calculated in the study and the study shows that the scheduling of 
electricity can minimize the cost of distribution. 
Based on the analysis to the linear programming, the following recommendations 
are proposed: 
1) Having schedule of electricity distribution which can minimize the cost of 
electricity distribution for the plant. 
2) Using two gas turbines for operation during off peak hours on weekdays 
which can minimize the cost. 
For further study of this project, the study should include the cost of producing or 
generating electricity by the gas turbines. This data could help in to ensure that the study 
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APPENDIX 1: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 







APPENDIX 2: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 








APPENDIX 3: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 







APPENDIX 4: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 








APPENDIX 5: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 








APPENDIX 6: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 









APPENDIX 7: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 









APPENDIX 8: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 








APPENDIX 9: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 









APPENDIX 10: Data for kWh of electricity of top up supply that TNB need to supply to plant and kWh of electricity required 
by four electric chillers, in plant usage and UTP for October 2009 
OCTOBER 2009 
 
 
 
